INTRODUCTION
Determining the origins of allergy and asthma has become an urgent research need. Developed countries face a high burden of allergic diseases and asthma, impacting families, healthcare systems and economies, while allergy and asthma are now also increasing in the developing world. Although family history of allergy or asthma is a risk factor, many children with asthma do not have a positive family history, suggesting that environmental influences are critical, acting either independently or by epigenetic mechanisms.
The Developmental Origins of Health and Disease (DOHaD) hypothesis postulates that environmental exposures influence developmental pathways during critical periods of prenatal life and postnatal life, inducing permanent changes leading to altered disease susceptibility. Indoor and outdoor air pollutants, microbes, viral infections, maternal nutrition, infant feeding practices and psychosocial environments interact with genes and may exert their influence on asthma and allergy susceptibility via epigenetic mechanisms. The Canadian Healthy Infant Longitudinal Development (CHILD) Study is designed to address gaps in understanding complex gene-environment interactions during pregnancy and early childhood 1 and provides a platform for study of atopic disease and other non-communicable diseases (NCDs) with early life origins.
METHODS

The cohort
Pregnant mothers in their second or third trimester were recruited from the general population in four communities across Canada (Vancouver, Edmonton, Manitoba (Winnipeg, Morden, Winkler) and Toronto) where local Research Ethics Boards approved the study. Inclusion and exclusion criteria for mothers and infants are in online supplementary table E1.
Two planned a priori substudies focused on psychological and infant and preschool lung function determinants and did not require full cohort participation.
Assessments
A timetable of assessments from pregnancy to 5 years is in online supplementary table E2.
Questionnaires (see online supplementary tables E2 and E3). Environmental, psychosocial, nutrition and health questionnaires are administered during pregnancy and at 3, 6, 12, 18, 24, 30 months, 3, 4 and 5 years.
Environment. Household exposures are assessed repeatedly from recruitment to age 5 years. In addition to periodic questionnaires beginning at recruitment, a detailed walk-through assessment of the home was conducted when the child was 3-4 months old and included dust sampling for allergens and pollutants, along with collection of breast milk, child's urine, nasal swab and stool. Repeated biospecimens provide additional exposure biomarker information. Outdoor air pollution exposures are assessed using Land Use Regression models, residential history and time-activity patterns.
Psychosocial assessments. Maternal psychosocial characteristics assessed by self-report during pregnancy, post partum and at 1 year included socioeconomic status, stress, depressive symptoms and social relationships.
Nutrition. A Food Frequency Questionnaire (FFQ) is administered during pregnancy and at regular intervals for the child during the first 5 years.
Birth. The duration of labour, mode of delivery, anthropometrics, medication including antibiotics, and maternal or fetal complications were obtained from hospital records.
Biological samples
Blood samples. Whole blood, serum and plasma samples were obtained from all consenting mothers and fathers. 2 Child blood was drawn at birth (cord blood), 1 year and 5 years. Cord blood from 785 infants has been prepared for studies of innate immunity and haemopoietic progenitor biomarkers.
Urine samples. Child urine was collected at 3 months, 1, 3 and 5 years, divided into aliquots, frozen at −80°C and were then stored in liquid nitrogen.
Nasal samples. Nasal swabs (Copan Diagnostics, Corona, California, USA) were collected at 3 months and 1 year in all children, with additional swabs taken during acute illnesses in a subgroup, separated into aliquots, frozen at −80°C and were then stored in liquid nitrogen.
Stool samples. Meconium was collected from infants at birth, and stool at 3 months and 1 year, divided into aliquots, frozen at −80°C and were then stored in liquid nitrogen.
Breast milk. Ten millilitres of breast milk was collected at the home visit, divided into aliquots, frozen at −80°C and then stored in liquid nitrogen.
Clinic assessments
At ages 1, 3 and 5 years, questions from the International Study of Asthma and Allergies in Childhood (ISAAC) were completed by the parent. At each assessment, the child is examined for evidence of atopic dermatitis, allergic rhinitis and asthma. Allergy skin prick tests and general anthropometrics are performed at all assessments. Blood pressure, waist circumference and skinfold thickness are measured at 3 and 5 years. Spirometry is performed in all children at age 5 years.
Outcomes
The primary outcome of the CHILD Study is expert physician diagnosed asthma at age 5 years (see online supplementary figure E1). Secondary outcomes include preschool wheezing, atopic sensitisation, atopic dermatitis, allergic rhinitis and food allergy. Permission was obtained to link with provincial administrative databases enabling studies of healthcare utilisation.
RESULTS Recruitment
A total of 3624 families were recruited between 2008 and 2012. Gestational age at recruitment ranged from 6 to 39 weeks, mean 26.7 weeks and SD 6.3 (table 1, see online supplementary figure E2) . Families who became ineligible after recruitment were excluded (miscarriage (15), prematurity <35 weeks (44), multiple births (5), pregnancy resulting from in vitro fertilisation (3) or complications, abnormalities or fetal death (15)) resulting in 3542 infants for the study. Study retention is 92% at age 1 year.
Parents
Mothers completed a health questionnaire during pregnancy (n=3475), spirometry (3012), allergy skin testing (3073) and provided blood during pregnancy or at 1 year (3369). Of 2893 fathers recruited, 2841 have completed a health questionnaire, 2499 completed spirometry, 2519 underwent allergy skin testing and 2358 provided blood.
Family demographics
In over 25% of families, one or both parents were not of white Caucasian ethnicity (table 1) . Just over half, 1868 of 3426 (54.5%), of the index children were firstborns; the mean ages of mother and father were 32.3 and 33.8 years, respectively. Overall, 760 of 3424 mothers (22.2%) and 547 of 3000 fathers (18.2%) reported a personal history of asthma, 2832 of 3425 (82.7%) and 2094 of 3000 (69.7%), respectively, reported 'allergies' and 1768 of 3073 (57.5%) and 1657 of 2432 (68.1%) were objectively atopic by skin prick testing. Among mothers, 890 of 3229 (27.6%) had ever smoked, while 185 of 3423 (5.4%) reported smoking in pregnancy; 373 of 2847 (13.1%) of fathers currently smoked. Significant differences observed among centres in housing characteristics have been described fully elsewhere. 3 
Infant health outcomes
The prevalence of caesarean section varied among centres (18.2-31.6%, mean 25.6%) (see online supplementary table E4). Cord blood was obtained in 75.1% of deliveries. The average birth weight was 3448 g (SD 482) and length 51.4 cm (SD 2.5); 52% were males. Exclusive breast feeding at 3 months varied by site from 52% to 68%. At 3 months, 1821 of 3111 infants (58.5%) were exclusively breastfed as were 371 of 2679 (13.9% of those with data) at 6 months.
DISCUSSION
Allergic diseases have reached epidemic proportions in middle-income to high-income countries, with a parallel increase in many chronic NCDs in the latter part of the 20th Data are presented as n (%) or as n/N (%) with N being the total sample available for that variable. Sample sizes differ for some characteristics due to differences in missing values. *Those responding that they did not know their ethnicity are classified as 'Unknown'. †Skin test data apply only to participating fathers.
century. In 2011, for only the second time in its history, the United Nations called a special General Assembly on health describing NCDs as a global epidemic. Asthma, one of the most common NCDs worldwide, is the earliest presenting chronic disease of childhood and the leading cause of childhood morbidity as measured by hospitalisations and school absences. Lifestyle and environmental factors, including household and outdoor air pollution exposures, diet, physical activity and stress, appear to play important roles in the increase of these chronic diseases. Exposures occurring in utero and in infancy may be critical to the development of immune responses which influence the onset of these complex, chronic diseases, but how these exposures interact to promote allergic disorders versus immune homeostasis without clinical symptoms remains largely speculative.
This Canadian birth cohort study was initiated to study the development of allergy and asthma and designed with a focus on environmental assessments of infants and parents. The 3542 infants and families are predominantly from urban centres; over 80% of the Canadian population is urban. The recruited population is multicultural and ethnically varied, and children represent mixed ethnic populations to a greater degree than historical birth cohorts. The value of this cohort is enhanced by extensive phenotyping of both children and parents, characterisation of their environments and an extensive repository of biological samples. 2 A registry 4 documented over 46 Canadian birth cohorts, comprising some 950 000 individuals, of which CHILD is the only cohort focused on environmental effects on development of allergies and asthma in the general population. The National Institutes of Health and the European Commission research group 'Mechanisms of the Development of Allergy' (MeDALL) co-sponsored a workshop to harness knowledge generated across 130 birth cohorts initiated across many countries within the last 30 years, which have gathered data on asthma. 5 However, few (<12) encompass the breadth (eg, microbiome to psychosocial assessments) and depth (eg, infant lung function to innate immune phenotyping) of the CHILD cohort. We are actively participating in efforts to create standardised data definitions in conjunction with international initiatives, using standardised questionnaires and transparent data dictionaries to increase the power of such collaborations.
CONCLUSIONS
The CHILD cohort of 3542 eligible children followed to age 5 years with repeated surveys of environmental and other exposures, linking detailed prenatal and postnatal environments, a diversity of biological and environmental samples and careful assessment of developing clinical phenotypes will foster examination of relationships relevant to the development of allergy, asthma and other chronic NCDs with origins in childhood.
